From the quark confinement idea, we conjecture that the quarks compose colorless particles (uud and udd -the Lee Particles) and then the Lee Particles construct a body center cubic lattice in the vacuum. In terms of the energy band theory, from the symmetries of the body center cubic periodic field, we deduce the baryon spectrum (with a united mass formula) using only 2 flavored quarks u and d. We also predict some new baryons: Λ 0 (2559), 
is, at any physical space point. The facts (all hadrons are made of quarks and no single quark can be individually observed) imply that the quarks are confined in hadrons in the vacuum. According to quantum chromodynamics [13] , there are super-strong color attractive interactions among the quarks, causing three quarks of different colors to be confined together and form a colorless baryon (p, n, Λ, Σ, Ξ, Ω..) in the vacuum. These baryons, electrons, leptons, etc. will interact with one another and form the perfect vacuum material. However, some kinds of particles do not play an important role in forming the vacuum material. First, the main force which makes and holds the structure of the vacuum material must be the strong interactions, not the weak-electromagnetic, or the gravitational interactions. Hence, in considering the structure of the vacuum material, we leave out the Dirac seas of those particles which do not have strong interactions (e, µ, τ ). Secondly, it is unlikely that the super stable vacuum material is composed of unstable blocks (the unstable baryons are short lived), hence we also omit the unstable particles (such as: Λ, Σ, Ξ, Ω, ...). It is well known that there are strong attractive forces between the protons and the neutrons inside a nucleus. Similarly, there should also exist strong attractive forces between the Lee Particles which will make and hold the densest structure of the vacuum state Lee Particles.
According to solid state physics [16] , if two kinds of particles (with radius R 1 < R 2 ) satisfy the condition 1 > R 1 /R 2 > 0.73, the densest structure is the body center cubic crystal [17] . According to the Quark Model, the charged Lee Particle (uud) and the neutral Lee Particle (udd) are not completely the same, thus R 1 = R 2 ; and they are similar to each other, thus R 1 ≈ R 2 . Hence, if R 1 < R 2 (or R 2 < R 1 ), we have this paper it will be regarded as the BCC model) in the vacuum.
Similar to a crystal which has a periodic field, there are also periodic fields in the vacuum. From energy band theory [18] and the phenomenological fundamental hypotheses of the BCC model, we can deduce all intrinsic quantum numbers of all baryons which are consistent with the experimental results [19] . Likewise, we can calculate the masses of all baryons which are in very good agreement with the experimental results [19] using a united mass formula.
The vacuum material works like an ultra-superconductor. Since the energy gaps are so large (for electron the energy gap is about 0.5 Mev; for proton and neutron the energy gaps are about 939 Mev), there is no electric and mechanical resistance to any particle and any physical body (made by protons, neutrons, and electrons) moving inside the vacuum material with constant velocity.
II Fundamental Hypotheses
For simplicity, the intrinsic structure (three quarks) of baryons will be ignored temporarily. The baryons are treated as elementary particles in the phenomenological BCC model. We would like to call this simplification the point baryon approximation.
The approximation is based on the the quark confinement theory [20] and the experimental results [8] that a baryon always appears as a whole particle.
In order to explain our model accurately and concisely, we will start from the phenomenological fundamental hypotheses in an axiomatic form. Hypothesis III Quantum mechanics applies to the ultra-microscopic world [21] . Thus, the energy band theory [18] is also valid in the ultra-microscopic world. The energy band excited states of the Lee Particles will be various baryons.
According to the energy band theory, an excited Lee Particle (from vacuum), inside the body center cubic periodic field, will be in a state of the energy bands (a point of the Brillouin zone). The first Brillouin zone [22] of the body center cubic lattice is shown in Fig. 1 . In Fig. 1 (depicted from [18] (Fig. 1 ) and [22] (Fig. 8.10 )), the (ξ, η, ζ)
coordinates of the symmetry points are:
and the (ξ, η, ζ) coordinates of the symmetry axes are:
From Fig. 1 , we know that the axis ∆(Γ − H) is a 4-fold rotation axis, the axis Λ(Γ − P ) is a 3-fold rotation axis, and the axis Σ(Γ − N) is a 2-fold rotation axis. 
Hypothesis IV
2. Isospin number I: the maximum isospin I m is determined by the energy band degeneracy d [18] , where
and another possible isospin value is determined by
In some cases the degeneracy d should be divided into sub-degeneracies before using the formulas. Specifically, if the degeneracy d is larger than the rotary fold R of the symmetry axis:
then we assume that the degeneracy will be divided into γ sub-degeneracies, where
3. Strange number S: the Strange number S is determined by the rotary fold R of the symmetry axis [18] with
where the number 4 is the highest possible rotary fold number. From Eq. (9) and 
For the other three symmetry axes D(P − N), F (P − H), and G(M − N), which are on the surface of the first Brillouin zone (see Fig. 1 ), we determine the strange numbers as follows:
F is parallel to an axis equivalent to Λ, S F = S Λ = −1;
G is parallel to an axis equivalent to Σ,
4. Electric charge Q: after obtaining B, S and I, we can find the charge Q from the Gell-Mann-Nishijiman relationship [24] : 
From Hypothesis IV (∆S = ±1), the real value of S is
The "Strange number" S in (14) is not completely the same as the strange number in (9) . In order to compare it with the experimental results, we would like to give 
Thus, (12) needs to be generalized to
where we define the generalized strange number as 
Therefore, we can obtain charmed strange baryons Ξ C and Ω C .
7. We assume that a baryon's static mass is the minimum energy of the energy curved surface which represents the baryon.
III The Energy Bands
Since the Lee Particle is a Fermion, its motion equation should be the Dirac equation.
Taking into account that (according to the renormalization theory [25] ) the bare mass of the Lee Particle shall be infinite (much larger than the empirical values of the baryon masses), we use the Schrödinger equation instead of the Dirac equation (our results will show that this is a very good approximation):
where V ( r) denotes the strong interaction periodic field with body center cubic symmetries and m b is the bare mass of the Lee Particle.
Using the energy band theory [18] and the free particle approximation [26] (taking V ( r) = V 0 constant and making the wave functions satisfy the body center cubic periodic 9 symmetries), we have [27] 
where V 0 is a constant potential. The solution of Eq. (21) is a plane wave
where the wave vector k = (2π/a x )(ξ, η, ζ), a x is the periodic constant, and n 1 , n 2 , n 3 are integers satisfying the condition (the result of the periodic symmetries of the body center cubic field)
Condition (23) implies that the vector n = (n 1 , n 2 , n 3 ) can only take certain values. For example, n can not take (0, 0, 1) or (1, 1, −1), but can take (0, 0, 2) and (1, −1, 2).
The zeroth-order approximation of the energy [26] is
Considering the symmetries of the body center cubic periodic field, the wave functions will satisfy the symmetries of the point group and space group of the BCC lattice, and the parabolic energy curve of the free Lee Particle will be changed to energy bands. The values (see Eq. (26)) of the band. Putting the values of the E( k, n) into Eq. (24), we get the zeroth order energy approximation values (in Mev).
IV The Recognition of the Baryons
According to Hypothesis I, the nucleons are the ground bands. Therefore, we can determine V 0 in formula (24) , using the static masses (static energy) M nucleon of the nucleons. The static energy (M nucleon = 939 Mev [19] ) of the nucleons should be the lowest energy (V 0 ) of the energy bands in (24) . Thus, at the ground states, we have
Fitting the theoretical mass spectrum to the empirical mass spectrum of the baryons, we can also determine
in (24) . Thus, we have
Using Hypothesis V and the energy bands ( Fig. 2-5 ), we can find the quantum numbers and masses of all excited energy bands. Then, from the quantum numbers and the masses we can recognize the unstable baryons [28] . As an example, we recognize the unstable baryons on the axis ∆(Γ − H).
The axis ∆(Γ − H) is a 4 fold rotary symmetry axis, R = 4. From (10), we get the strange number S = 0. For low energy levels, there are 8 and 4 fold degenerate energy 11 bands and single bands on the axis. Since the axis has R = 4, from (7) and (8), the energy bands of degeneracy 8 will be divided into two 4 fold degenerate bands.
For the 4 fold degenerate bands (see Fig. 2 (a) and Fig. 5(a) ), using (5), we get the isospin I m = 3/2, and using (12) . . .
From Fig. 2(a) and Fig. 5(b) , we can see that there exist single bands on the axis ∆.
From (5), we have I = 0. Using (9) and (12), we get S = 0 and Q = 0+1/2(S +B) = 1/2 (a partial charge). According to Hypothesis V. 6, we should use (14) instead of (9).
Therefore, we have
where ∆S = ±1 from Hypothesis IV. The best way to guarantee the validity of Eq. (13) in any small region is to assume that ∆S takes +1 and −1 alternately from the lowest energy band to higher ones. In fact, the n values are really alternately taking positive and negative values. Using the fact, we can find a phenomenological formula. If we define a function Sign( n)
then the phenomenological formula is
Before recognizing the baryons, we need to discuss the fluctuation of energy.
The fluctuation of the strange number will be accompanied by an energy change (Hypothesis IV). We assume that the change of the energy is proportional to (∆S), a number K ≡ 4 − R (R is the rotary number of the axis), and a number J representing the energy level with a phenomenological formula: 
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V Comparing Results
We compare the theoretical results of the BCC model to the experimental results [19] using Tables 1-6 [30] . In the comparison, we will use the following laws:
(1) We do not take into account the angular momenta of the experimental results. We assume that the small differences of the masses in the same group of baryons originate from their different angular momenta. If we ignore this effect, their masses should be essentially the same.
(2) We use the baryon name to represent the intrinsic quantum numbers as shown in the second column of Table 1 . 
VI Predictions and Discussion
A Some New Baryons
According to the BCC model, a series of possible baryons exist. However, when energy goes higher and higher, on one hand, the theoretical energy bands (baryons) will become denser and denser; while on the other hand, the experimental full widthes of the baryons will become wider and wider. This makes the possible baryons extremely difficult to be separated. Therefore, currently it is very difficult to discover higher energy baryons predicted by the BCC model. We believe that many new baryons will be discovered in the future with the development of more sensitive experimental techniques. They are born on the same symmetry axis Σ and at the same symmetry point N.
The three "brothers" have the same isospin I = 0, the same electric charge Q = 0, and the same generalized strange number (see (18) x is a constant. According to the renormalization theory [25] , the bare mass of the Lee Particle should be infinite, so that a x will be zero. Of course, the infinite and the zero are physical concepts in this case. We understand that the "infinite" means m b is huge and the "zero" means a x is much smaller than the nuclear radius. "m b is huge" guarantees that we can use the Schrödinger equation (20) instead of the Dirac equation, and "a x is much smaller than the nuclear radius" makes the structure of the vacuum material very difficult to be discovered.
2. The BCC model presents not only a baryon spectrum, but also a reasonable explanation for the experimental fact that all baryons automatically decay to nucleons (p or n) in a very short time (< 10 −9 second). The reason is very simple: the baryons are energy band excited states of the Lee Particle, while the nucleons are the ground band states of the Lee Particles. It is a well known law in physics that the excited states will decay into the ground state.
3. After nuclear fusion energy was discovered, we understand the sun's energy.
Similarly, the superconductor will help us explain the vacuum material. The vacuum material is a super ideal superconductor. 5. There is no other model which can deduce the full baryon spectrum using a united mass formula.
VII Conclusions
6. Although the BCC model successfully explain the baryon spectrum, the baryon spectrum is deduced from 5 phenomenological Hypotheses and 3 phenomenological formulas in the BCC model. Thus, the BCC model is only a phenomenological model. (26)) at the end point Γ, while E H is the value of E( k, n) at other end point
The energy bands on the axis Λ (the axis Γ-P). E Γ is the value of E( k, n) (see Eq. (26)) at the end point Γ, while E P is the value of E( k, n) at other end point P. The energy bands on the axis D (the axis P-N). E P is the value of E( k, n) (see Eq. (26)) at the end point P, while E N is the value of E( k, n) at other end point N.
Fig. 4. (a)
The energy bands on the axis F (the axis P-H). E P is the value of E( k, n) (see Eq. (26)) at the end point P, while E H is the value of E( k, n) at other end point
The energy bands on the axis G (the axis M-N). E M is the value of E( k, n) (see Eq. (26)) at the end point M, while E N is the value of E( k, n) at other end point N. *Evidences are fair, they are not listed in the Baryon Summary Table [19] . 
